University of South Florida

Scholar Commons
Graduate Theses and Dissertations

Graduate School

June 2017

Potential Impacts of Accelerated Sea-Level Rise and
Hurricane-Induced Storm Surge in Western Pasco
County, Florida
Kittiya Harris
University of South Florida, kharris12@mail.usf.edu

Follow this and additional works at: http://scholarcommons.usf.edu/etd
Part of the Climate Commons, and the Geographic Information Sciences Commons
Scholar Commons Citation
Harris, Kittiya, "Potential Impacts of Accelerated Sea-Level Rise and Hurricane-Induced Storm Surge in Western Pasco County,
Florida" (2017). Graduate Theses and Dissertations.
http://scholarcommons.usf.edu/etd/6856

This Thesis is brought to you for free and open access by the Graduate School at Scholar Commons. It has been accepted for inclusion in Graduate
Theses and Dissertations by an authorized administrator of Scholar Commons. For more information, please contact scholarcommons@usf.edu.

Potential Impacts of Accelerated Sea-Level Rise and Hurricane-Induced Storm Surge in Western Pasco
County, Florida

by

Kittiya Harris

A thesis submitted in partial fulfillment
of the requirements for the degree of
Master of Arts
with a concentration in GIScience and Spatial Analysis
Department of Geosciences
College of Arts and Sciences
University of South Florida
Major Professor: Philip Van Beynen, Ph.D.
Joni Downs, Ph.D.
Graham Tobin, Ph.D.
Date of Approval:
July 27, 2017

Keywords: economic loss, climate change, storm surge, critical infrastructure
Copyright © 2017, Kittiya Harris

DEDICATION
I dedicate this thesis to my mom and dad for their unconditional love and support. Thank you for
always encouraging me to do my best and allowing me the freedom to pave my own path. This work is
also dedicated to my dearest friends who kept me sane throughout this entire journey. Thanks for
believing in me and never letting me give up.

ACKNOWLEDGEMENTS

There are many people I would like to thank for their part in the completion of this thesis. I want
to first thank my advisor, Dr. Van Beynen, for his guidance, enthusiasm, and dedication to this thesis
over the past two semesters. He accepted the challenge of taking on a transfer student at the beginning
of the 2016-2017 school year and made this project possible. He is a great advisor with incredible
organization and versatility, qualities that were tremendously helpful in moving my project forward.
I would also like to thank my thesis committee members, Joni and Dr. Tobin, for their
contributions to this research. They have given me insightful guidance and suggestions, Joni with her GIS
expertise and Dr. Tobin with his breadth of knowledge on vulnerability and natural hazards. I also want
to thank all the staff members at USF Tampa – Dr. Alsharif, Mayra, and Jackie – who helped make my
transition to USF Tampa a smooth task. Thank you for handling all the paperwork to make sure my
credits transferred and I could graduate on time. Thank you to all my mentors and advisors who have
helped me overcome my obstacles and complete this thesis.

TABLE OF CONTENTS
LIST OF TABLES ............................................................................................................................... iv
LIST OF FIGURES .............................................................................................................................. v
LIST OF EQUATIONS ......................................................................................................................... vi
ABSTRACT ....................................................................................................................................... vii
CHAPTER ONE - INTRODUCTION ....................................................................................................... 1
1.1 Accelerated Sea Level Rise and Hurricane-Induced Storm Surge in the U.S. ............................. 1
1.2 Scope of Research ............................................................................................................... 2
CHAPTER TWO - LITERATURE REVIEW .............................................................................................. 3
2.1. Long-Term Sea Level Rise ................................................................................................... 3
2.2. Accelerated Sea Level Rise .................................................................................................. 4
2.3. Consequences of Accelerated Sea Level Rise ........................................................................ 6
2.4. Mitigation Strategies ........................................................................................................... 7
2.5. Hurricane-Induced Storm Surge and Global Warming ............................................................ 7
2.6. Effects of Sea Level Rise and Hurricane-Induced Storm Surge ............................................... 9
2.7 Assessing Vulnerability of Built Environment ......................................................................... 10
CHAPTER THREE - STUDY AREA ....................................................................................................... 12
CHAPTER FOUR - METHODOLOGY .................................................................................................... 15
4.1. Mapping ASLR and HSS ..................................................................................................... 15
4.2. Calculation of Economic Loss .............................................................................................. 17
4.3. Critical Facilities and Infrastructure ..................................................................................... 18
CHAPTER FIVE - RESULTS ................................................................................................................ 20
5.1. Economic Impacts of ASLR and HSS ................................................................................... 20
5.2. Impacts of ASLR and HSS .................................................................................................. 24
5.3. Impacts of ASLR and HSS on Critical Facilities and Infrastructure .......................................... 27
CHAPTER SIX - DISCUSSION ............................................................................................................ 30
6.1. Insufficient Plans for Future Impacts of ASLR and Storm Surge ............................................. 30
6.2. Impacts of SLR on Transportation ....................................................................................... 32
6.3. Community and Government Responsibility to Mitigating Potential Damages .......................... 32
Section 6.4. Limitations of Analysis ............................................................................................ 33
CHAPTER SEVEN - CONCLUSION....................................................................................................... 36
REFERENCES ................................................................................................................................... 38

iii

LIST OF TABLES
Table 4.1. Pasco County Property Tax Calculation Example .............................................................. 17
Table 5.1. Economic Loss Based on SLR Scenarios ........................................................................... 21
Table 5.2. Economic Impacts of Hurricane Induced Storm Surge and SLR in Port Richey and
New Port Richey ..................................................................................................... 24

iv

LIST OF FIGURES
Figure 3.1. Map of City Boundaries for New Port Richey and Port Richey, Pasco County FL .................. 14
Figure 3.2. Elevations of New Port Richey and Port Richey ................................................................ 14
Figure 5.1a-d. 0.5m-2m SLR Scenarios in Port Richey and New Port Richey ......................................... 22
Figure 5.2. Property Loss to SLR Line Graph .................................................................................... 23
Figure 5.3. 0.5m-2m SLR Scenarios ................................................................................................. 23
Figure 5.4a-b. Impact of Extreme Scenarios of HSS and SLR ............................................................. 26
Figure 5.5a-d. Impacts of 0.5m-2m SLR on Critical Facilities and Infrastructure .................................. 28
Figure 5.6. 0.5m SLR + Cat 1 Storm Surge ....................................................................................... 29
Figure 5.7. 2m SLR + Cat 5 Storm Surge ......................................................................................... 29

v

LIST OF EQUATIONS
Equation 4.1. Raster Calculator – Inundating Raster Cells ................................................................. 16

vi

ABSTRACT

Sea levels have risen approximately 20 cm since the beginning of the 20th century and more than
3 cm in the past 20 years, suggesting that global sea level rise is accelerating. As sea levels continue to
rise and storms become more intense, coastal property and populations become more susceptible to
damage. Florida is especially vulnerable to hurricane-induced storm surge (HSS) and the onset of
accelerated sea-level rise (ASLR) due to its extensive coastline and high population density along the
coast. The main purpose of this research is to assess the potential economic impacts of ASLR and HSS for
two of western Pasco County’s municipalities, Port Richey and New Port Richey. A Geographic
Information System is used to determine the spatial extent at a high-resolution of coastal inundation, the
economic loss based on property value and road expenditure due to this inundation, and its impact on
critical infrastructure. The results from this study showed coastal flooding generated by 0.5m SLR
amounted to 48.8% land loss and $217,108,692 of property loss. Monetary losses from inundated
properties shifted dramatically from 1.0m to 1.5m SLR, from $295 million to $417 million, suggesting that
the tipping point could only be a half-meter SLR. Based on the 2.0m SLR results, most of major highway
US-19 was completely flooded, property tax losses amounted to approximately $7.1 million, and road
expenditure was approximately $158 million. Data provided in this study can be useful for coastal
management and planning in Port Richey and New Port Richey.

vii

CHAPTER ONE:
INTRODUCTION

1.1 Accelerated Sea Level Rise and Hurricane-Induced Storm Surge in the U.S.
The impacts of the rapid increase in global average temperatures due to anthropogenic causes
have considerable consequences, such as accelerated sea level rise (ASLR) and devastating hurricaneinduced storm surge (HSS). ASLR refers to the rate of global mean sea level rise (GMSLR) that has
occurred faster since the 1900 than over the past three millennia (NOAA TR, 2017; Upton, 2016).
Projections of GMSLR is likely to exceed the 2007 Intergovernmental Panel on Climate Change (IPCC)
estimations for the end of the 21st century of 0.18m - 0.59m which will significantly increase the
vulnerability of coastal communities (Allison et al., 2009; Florida Oceans and Coastal Council, 2010).
Some environmental impacts from higher sea levels already being felt in coastal communities include
beach erosion, flooding, saltwater intrusion, and loss of wetlands, all of which have severe consequences
on a community’s social and economic wellbeing (Bolter, 2014; Florida Oceans and Coastal Council,
2010). HSS is an abnormal rise of water above predicted astronomical tides that is generated by a storm
or hurricane (NOAA, n.d.). Surges can cause extreme flooding, severe erosion on beaches and coastal
highways, and can exacerbate impacts of storm tides and waves farther inland.
As sea levels continue to rise and storms become more intense, coastal property and populations
become more susceptible to damage. 16% of the U.S. coastline is considered a high hazard area, which
is home to more than 1.3 million people and approximately $300 billion in residential property value
(Arkema et al., 2014). These authors suggest based on their SLR models and observed storm
characteristics, the number of people and residential property that will be exposed to the highest hazard
will increase to 1.7 to 2.1 million and $400-$500 billion, respectively. Scientists from the National Oceanic
and Atmospheric Administration (NOAA) who explored SLR changes along the U.S. coastline found that
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the biggest changes in severity of HSS will likely occur along the coast of the Gulf of Mexico where there
will be the highest SLR and increases in hurricane frequency (Tebaldi et al. 2012). Moreover, satellite
data from NOAA and the 2007 IPCC report suggest that the Gulf of Mexico is experiencing a faster
increase in mean sea level than the global average due to its shallow basin (NOAA, 2012). Given that the
U.S. Atlantic and Gulf Coast coastlines are less than 10 feet above mean sea level, increased hurricanes
and higher sea levels can lead to catastrophic damages.
In particular, Florida has the highest risk for shoreline flooding of all the coastal states of the U.S.
(Brody et al., 2007). With its low-elevation, extensive coastlines, tropical/subtropical latitude and
proximity to the Gulf of Mexico and the Atlantic Ocean, Florida is especially vulnerable to ASLR and
hurricanes. Additionally, its coastal communities account for approximately 80% of Florida’s GDP (Florida
Oceans and Coastal Council, 2010). The question is not if ASLR will affect Florida but to what extent.

1.2 Scope of Research
The main goal of the research, within the context of ASLR and HSS, is to determine the economic
impacts in western Pasco County. In addressing this goal, the main objectives of this study are to:
•

Determine the spatial extent of coastal flooding in western Pasco County

•

Determine the economic loss to the cities within the study area due to inundation

•

Identify the impact of inundation on critical infrastructure in the study area
Assessing the absolute cost of ASLR and HSS for a region requires estimating the impact on the

economic spheres (the built-environment such as homes, businesses, schools, critical infrastructure etc.)
associated with this hazard arising from global warming.
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CHAPTER TWO:
LITERATURE REVIEW

The literature review elaborates on the discourses of SLR, ASLR, HSS, and vulnerability of the
built environment that includes critical infrastructure (transportation routes) and critical facilities. It is
important to distinguish between SLR and ASLR because the latter creates a greater sense of urgency for
planners and decision makers in coastal communities to prepare for a rapid increase in sea levels. HSS
has often been the greatest threat to life and property from a hurricane more so than high winds (NOAA
National Hurricane Center, n.d.). The surge impacts from Hurricane Katrina in 2005 is the most severe
example of damage causing 1,500 deaths, and $200 billion of damages, with $62.3 billion specifically for
response and recovery needs alone (Dolfman et al., 2007). New Orleans and other coastal communities
along the Gulf and Atlantic Coasts are most at risk from ASLR and HSS. Transportation routes are not
only crucial for evacuation routes, but they also add additional costs that have not been investigated in
the context of ASLR and HSS. Critical facilities are essential for lifelines during and after damages, so it is
also important to assess potential inundation risks.

2.1. Long-Term Sea Level Rise
The main cause of long-term SLR is the effects of global warming resulting from the transition
from the last glacial period to the current interglacial the Holocene. Geologic evidence indicates
significant accelerated SLR rates of 0.1 to 0.2 mm/year over the last three millennia that started around
the mid-nineteenth century (Chen et al., 2016). The melting of the North American and Scandinavian Ice
Sheets returning fresh waters to the oceans, thermal expansion of oceanic waters, and a change in water
storage capacity on land all produce increases in sea levels. SLR in the early Holocene era, dating back
11,650 to 7,000 resulted from meltwater release increasing sea levels by tens of meters (Smith et al.,
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2011). Geologic evidence also suggested that 20,000 years ago at the height of the last glacial maximum
when global temperatures were 5 °C and 10 °C cooler than today sea levels were ~120m lower than
modern levels (Ding, 2013).

2.2. Accelerated Sea Level Rise
Are sea levels really accelerating? Sea levels have risen about 0.1m to 0.2m since the beginning
of the 20th century (Church and White, 2011; NOAA TR, 2017) and more than 0.05m in the past 20 years
alone, suggesting that global SLR is accelerating. The IPCC Fifth Assessment Report (AR5),
representative concentration pathway (RCP) scenarios for SLR projections resulted in about 0.0037m yr-1
for 1993-2010 and is expected to have continued acceleration reaching 0.011m yr-1 for 2081-2100
(Church et al., 2013). What makes this SLR different from past trends is that now the global sea levels
are rising at an unprecedented rate within the context of the last three millennia (Kenigson and Han,
2014; Upton, 2016). Some scientists agree that there is a definite shift in SLR especially in the hot spot
zone along the mid-Atlantic region (Sallenger et al., 2012; Ezer and Corlett, 2012; Boon, 2012). Kopp
(2013) concluded that the recent shift in SLR in the mid-Atlantic region is faster than that of the GMSLR.
There are many variations in global mean sea level rise (GMSLR) projections. The IPCC is
probably the most cited in terms of SLR projections, with reports generated every six years. In 2001,
their estimates ranged from 0.09m to 0.67m for 2100; in 2007 the range increased from 0.19m to
0.58m; and in 2013 the estimates further increased from 0.32m to 0.96m (USACE, 2014). SLR projections
based on the literature reveal an average high of 1.25m and average low of 0.6m by the end of the
century (Marcy, 2012). The consensus among various studies for the highest GMSL in the 21st century is
2.0m (Pfeffer, 2008; NOAA, 2012; Nicholls et al. 2011), but that does not account for the potential
contribution from melting ice sheets in Antarctica or Greenland. GMSLR has had a significant acceleration
that may have occurred around the mid-nineteenth century (Church et al., 2001), which coincides with
the Industrial Revolution when greenhouse gas emissions started to exceed previous atmospheric levels
from 280 parts per million (ppm) to 400ppm in the last 150 years (Church et al., 2013).
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The discourse on SLR has focused heavily on GMSLR (USACE, 2014; NOAA, 2012; Rahmstorf,
2010; IPCC, 2007) and less so on regional sea level changes. Sea levels do not change in a uniform rate
globally, but instead vary spatially due to dynamic atmospheric and oceanic processes (Yin et al., 2009;
Hu et al., 2011; Sallenger et al., 2012). A study led by the Florida Oceans and Coastal Council that
focused on the potential risks of SLR to Florida’s natural resources and economy reported that Florida’s
shoreline along the Atlantic coast has already advanced by 0.2m per year for the past century, causing
increased erosion and shoreline retreat (2010). Altimetry data revealed that the early 1990s SLR rate in
Florida was around 0.003m/yr. (Florida Sea Grant, 2013). Coastal cities in southeast Florida, such as
Miami and Hollywood, have already experienced increased flooding during lunar high tide and saltwater
intrusion into wells as a result of rising sea levels (Florida Sea Grant, n.d.).
There is still some debate in academia whether GMSL acceleration is detectable in the available
historic tidal gauge data. These records only go back as early as the 17th century limiting the detection of
long-term trends in ASLR (Kenigson and Han, 2014). For thousands of years, sea levels have remained
relatively stable with the exception of natural sea level changes due to natural glacial processes during
and after glacial periods (Florida Sea Grant, 2013). Fasullo et al. (2016) suggests that observed decadal
acceleration could have been masked by the net effects of cooled oceans and decreased water storage
resulting from the eruption of Mt. Pinatubo in 1991 prior to the introduction of satellite altimetry. Natural
volcanic forcing tends to cool down the climate system, reducing ocean heat uptake and thermal
expansion rates (Levitus et al., 2001).
Additionally, there is disagreement about the causes of ASLR in the scientific community. The
cause of acceleration detected over the past decade from observed tide gauge records in Florida Bay,
Virginia Key, and Vaca Key located in southeast Florida is still unclear whether it was due to natural
variability or a decline in the Atlantic meridional overturning circulation (Park and Sweet, 2015). Some
researchers noted that the ASLR difference detected between Cape Hatteras and Cape Cod from 19502009 was three to four times the global average and coincided around the time of accelerated Greenland
ice sheet melt (Sallenger et al., 2012). The effects of melting Greenland ice sheets are also occurring
along the southeastern U.S. coast, resulting in gravitational self-attraction (a process that causes sea
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levels near areas of melted glacier to fall due to mass loss) and elastic-loading (a process that causes the
land underneath the ice to rise and the surrounding ocean basin floor to depress) (Davis and
Vinogradova, 2017). The higher than the global rate has also been attributed to changes in the Gulf
Stream patterns (Sallenger et al., 2012; Yin and Goddard, 2013; Ezer, 2013; Kopp, 2013). Ezer and
Corlett (2012) concluded that long term post-glacial subsidence does not affect ASLR, but instead the
climatic changes in the North Atlantic circulation may influence regional sea level changes.

2.3. Consequences of Accelerated Sea Level Rise
ASLR could have devastating physical consequences on natural and built environments, especially
if plans and strategies are based on lower estimates of SLR. Higher sea levels combined with a storm
could lead to faster coastal erosion, overash of barrier islands, and storm surge traveling farther inland
(Ding, 2011). This could cause more damage to existing infrastructure and properties that were not
located within a current flood zone. The economic and social impacts from the physical consequences
could also be devastating even for coastal communities in New York, U.S. that have had ample
experience with SLR and coastal flooding. Climate Central, a scientific organization that reports news
related to climate change, suggested that 0.2 m of SLR can expose an additional 75,000 people in New
York and $8.9 billion in property (2017).
Coastal communities have already experienced impacts of SLR, but few studies have been
conducted on the impacts of ASLR because researchers are still investigating acceleration through the
21st century. Areas highly susceptible to coastal flooding and HSS such as, New York, U.S., have observed
increased landward migration of cordgrass (a type of salt marsh typically located in lower elevations of
high flood frequency) (Donnelly and Bertness, 2001). Continued cordgrass migration as a result of ASLR
will likely drown surrounding marshes and lead to coastal wetland loss, which are significant natural flood
barriers. Moreover, since 1900 Jamaica Bay (a wetland estuary in New York, U.S.) has already lost 50%
of salt marsh islands, and is susceptible to severe loss with projected ASLR (Gornitz et al., 2001). The
Turkish coastline has reported coastal erosion and ground water salinization based on SLR observations
in the past two decades, but the threat of saltwater intrusion into the freshwater systems will likely
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increase with ASLR (Alpar, 2007).

2.4. Mitigation Strategies
Vulnerable coastal communities such as Miami, Florida and Charleston, South Carolina have taken
proactive measures to prepare for and adapt to ASLR. Beach re-nourishment is a frequent and common
method used in Miami due to the increase in erosion rates (Florida Oceans and Coastal Council, 2010).
Additionally, Miami-Beach has included ASLR projections into current stormwater drainage projects to
mitigate the potential damages (Florida Sea Grant, 2013). Some of the strategies implemented in the City
of Charleston include creating local action plans specifically for climate change impacts, developing more
sustainable communities, increasing ‘green education,’ and promoting cleaner energy use (Prettyman,
2015).
Long-term assistance or mitigation may require multi-level government and community
collaboration. The state of Florida has yet to be as proactive in their response to SLR as the federal or
municipal level. At the federal level, President Obama signed Executive Order 13514 that requires all
agencies to incorporate climate change into their planning (Florida Sea Grant, 2013). Other mitigation
methods are still in the works as local government aim to develop and incorporate proactive SLR
adaptation strategies into their local comprehensive, land-use, and infrastructure resiliency plans. In the
literature of disaster resilience, the community plays a key role in reducing disaster risk (NHRAIC, 2001;
Murphy, 2007; Rose, 2011; FEMA, 2013) and local community officials are essential to the
implementation of hazard mitigation plans (El-Masri and Tipple, 2002; FEMA, 2013a). However, whether
these strategies can be applied for long-term hazards such as ASLR is doubtful especially with the
number of coastal cities that will be impacted.

2.5. Hurricane-Induced Storm Surge and Global Warming
Recent changes in global temperatures will likely affect hurricane intensity and frequency mainly
because warmer oceans intensify storm activity and heighten storm surges (Dasgupta et al., 2009).
There is evidence to show an increase in hurricane frequency and intensity since 1995 in the North
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Atlantic suggesting that both are the result of global warming (Trenberth, 2005; Webster et al., 2005).
Studies have shown a causal relationship between hurricane frequency and intensity and sea surface
temperature (SST) when temperatures reach above 26.5 °C is required for tropical cyclone development
(Goldenberg et al., 2001). The combination of higher SST and more water vapor in the atmosphere
allows for the development of tropical cyclones due to the increased energy available for atmospheric
convection (Trenberth, 2005). Thus, more atmospheric greenhouse gas emissions will further augment
ocean temperatures and generate more intense storms, leading to higher storm surge.
The debate between human-induced global warming and year-to-year variability of El Niño
causing increased storms is ongoing. There is strong evidence to support that global warming over the
past half century has likely been the result of human-induced greenhouse gas emissions (Church et al.,
2013), but there is still some uncertainty related to the causes of changes in storm activity. The
Geophysical Fluid Dynamics Laboratory (GFDL 2017) conducted a study on global warming and
hurricanes based on a combination of analyses of Atlantic tropical storm and hurricane counts over the
past 120+ years and model projections for the 21st century. Their conclusions were: 1) there was no
evidence to support the notion that greenhouse gas-induced warming leads to large increases in tropical
storm or hurricane numbers in the Atlantic, 2) greenhouse warming may lead to more intense hurricanes
in the coming century, and 3) anthropogenic warming will likely increase rainfall rates by about 10-15%
than present-day hurricanes. Another study suggested that human-activity such as the reduction in
aerosol cooling over the Atlantic may have enhanced warming of the tropical North Atlantic and created
greater potential increases in tropical cyclone activity (Mann and Emanuel, 2006). Future projections have
indicated that greenhouse warming will result in globally stronger storms with intensity increases of 211% by the end of the century (Knutson et al., 2010).
ASLR is also an impact of climate change that can impact hurricane and storm surge activity.
Coastal communities will become more vulnerable to storm-surge flooding with the increase of coastal
development and projected ASLR (GFDL, 2017). Additionally, ASLR will likely increase flooding from
tropical cyclones (Woodruff et al., 2013). The combined effects of storm surge and 1m SLR may increase
the 100-year flood to occur 3-20 years and the 500-year flooding to occur every 25-240 years by the end

8

of the century (Lin et al., 2012). The more intense and frequent hurricane activity becomes, the more
devastating the effects of storm surge.

2.6. Effects of Sea Level Rise and Hurricane-Induced Storm Surge
The discussion on the combined impacts of SLR and HSS is still relatively new compared to the
discourse on climate change induced SLR or hurricanes. The main reason is the large uncertainties in
predicting the speed of melting of the Antarctica and Greenland ice sheets and future greenhouse gas
emissions as well as the impact of changing storm patterns (McInnes et al., 2013; Prime et al., 2015).
Despite these uncertainties, research has been conducted in various developing countries such as
Vietnam and China, as well as developed nations including Australia and the U.S. The results of the
Vietnam study concluded that SLR projections for 2050 could result in permanent inundation to a major
portion of the Red River delta area and increase the frequency of their 100-year storm surge (Neumann
et al., 2015). SLR will increase flooding by storms due to the higher sea levels creating a higher ‘launch
point’ for storm surge (Neumann et al., 2015). One of the studies conducted in Hong Kong, China for SLR
and storm surge reported that storm surges could raise the already high sea levels by 0.5 to 1.0 meter,
which could bring serious sea flooding to low-lying coastal communities (Lee et al., 2010). Another study
conducted on the Changjiang Estuary in China concluded that commonly used typhoon models responded
in a non-linear and non-uniform manner to SLR but the wave height associated with typhoons will have
significant impacts in shallow areas (Zhao et al., 2014). This further supports the relationship between
HSS and SLR, in that SLR will exacerbate damages from HSS. The study in Victoria, Australia, concurred
with the findings of Zhao et al. (2014) in that some areas showed nonlinear responses to SLR creating a
step change in inundation (McInnes et al., 2013).
The U.S. study of Tebaldi et al. (2012) used a combination of tidal gauge records for predicting
storm surge water levels and future global SLR. The authors concluded that the Gulf locations are more
at risk to increasing cyclone intensity than storm surge frequency, unlike areas along the Pacific coast
that are at high risk for rapid changes in their historical high tide extremes (Tebaldi et al., 2012).
However, their findings are tenuous as they use local storm surge data with global SLR projections which
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may not provide an accurate illustration of potential local impacts from ASLR and HSS. A similar study
undertaken in Victoria, Australia highlighted areas most vulnerable to future SLR. As the focus of their
study was on the effects of climate change in sea-level extremes, they used a 1-in-100-year storm tide
and the IPCC 2007 high-end projection of 0.79m SLR. The results were that the most vulnerable areas
were along the coast including beach fronts and low-lying wetlands and reserves. Moreover, the
projections align with Zhao et al. (2014) that some areas showed nonlinear responses to SLR, creating a
step change in inundation (McInnes et al., 2013).

2.7 Assessing Vulnerability of Built Environment
HSS is among the most devastating and costly natural disasters inflicting severe damage on
personal property and critical infrastructure. The most extreme examples for the U.S. are Hurricane
Katrina (2005) with a total estimated damage of $200 billion, $62.3 billion specifically for response and
recover needs along (Dolfman et al., 2007), and Hurricane Andrew (1992) with an estimated $26.5 billion
in damages (Adger et al., 2006). Hurricane Katrina and the levee failures resulted in approximately 986
deaths, 40% of whom died from drowning and 25% from injury and trauma (Plyer, 2016). Hurricane
Sandy destroyed many homes along the east coast of the U.S., resulting in $71 billion in damages (Haigh
et al., 2016). A study conducted by CoreLogic, a private institute that specializes in storm surge risk
assessments, revealed that Florida is the most at-risk state for homes highly at risk to storm surge
(Jeffery, 2017).
The analysis of the built environment involves identifying vulnerable infrastructures and facilities.
The infrastructures can be broken down into three broad categories (Adaptive Tampa, 2012; Florida
Division of Emergency Management, 2012):
1) Critical infrastructure (i.e. fire stations, hospitals, and emergency operation centers)
2) Transportation infrastructure (i.e. airports, railways, bridges, and roads)
3) Institutional infrastructure (i.e. public/private schools, colleges and universities, and government
buildings)
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According to the Adaptive Tampa (2012) project that assessed infrastructure vulnerability for SLR
in the Tampa Bay Region, the most vulnerable facilities to SLR are classified as institutional and
educational. Any transportation routes and critical infrastructure that are in the area that is below the 5ft
(1.5m) (NAV88 (North American Vertical Datum 1988) elevation is likely vulnerable to flooding because
Florida’s current mean high tide is at 0.6m NAV88 and fluctuations of ±0.6m per day (Berry et al., 2013).
As the focus of this research is on determining the potential economic loss, the theoretical
framework was adapted from the above variables and the built environment vulnerability indicator (BEVI)
used in Emrich (2005) because it best highlights economic loss. The built environment was a component
of Cutter (1996) assessment for social vulnerability. Emrich delineated built environment indicators
through measures of commercial development, industrial earnings, industrial development and residential
density. He measured vulnerability of built environment by assessing the following factors at the census
block group level: manufacturing, retail, food service, administrative support, arts, entertainment and
recreation, professional, educational, health care, ‘other,’ mobile home, housing unit, retail establishment.
This measure focuses on man-made structures and is crucial in understanding ASLR, overall social
vulnerability (Emrich, 2005), and vulnerability to hazards that have been outlined by Tobin and Montz
(1997) and Cutter et al. (2003).

11

CHAPTER THREE:
STUDY AREA

Pasco County is one of the four counties in the Tampa Bay Metropolitan Statistical Area (MSA),
the second largest MSA in the Southeast region. Pasco County was on Forbes Magazine’s 15th spot for top
business in the country (Urban Land Institute, 2008). The land area of Pasco County is 1,934 km2 of land,
its population is 485,331 who reside mostly in its six incorporated cities: Dade City, San Antonio, Saint
Leo, Zephyrhills (source of Zephyrhills Spring Water company), New Port Richey (largest city in county),
and Port Richey (Pasco County, 2016). A high percentage of the county’s population is within the ages of
10-14 years and 65-69 years. Property values generally range between $100,000-$149,999 (U.S. Census
Bureau, 2014). Commercial investments include 1.2 km2 of retail space and 0.6 km2 of industrial space
(Urban Land Institute, 2008). For the purposes of this study, New Port Richey and Port Richey will be the
main study areas (Fig. 3.1). Topographic data of the two cities was used for measuring the ASLR and
HSS inundation. Figure 3.2. highlights the elevations in the two cities. The highest elevation in the two
cities is 50m and the minimum is below sea level based on satellite digital elevation model (DEM) data.
The maximum elevation may have reflected the tree lines located near the floodplains of the Cotee River.
The average elevation in New Port Richey is slightly less than 5m and in Port Richey is 3m.
New Port Richey is located in Pasco County on Florida's central Gulf Coast, approximately thirty
miles northwest of Tampa. New Port Richey provides a full range of municipal services, including police
and fire protection, potable water, wastewater collection and treatment, reclaimed water, community
planning and redevelopment, street repair and maintenance, storm water repair and maintenance, parks
and recreation and library services. New Port Richey was incorporated in 1924. The Gulf of Mexico
coastline borders the west side and the Pithlachascotee River that runs through the city. The city has a
total area of 11.9 km2 and 14,911 residents.
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New Port Richey’s local economy has traditionally been centered on the medical community,
hospitality, and service industries. Historically a retirement community, the city’s economy is in a
transitional state. The nursing homes, winter residences and empty nest retirees are still prominent, but
many of associated medical, legal, real estate and other elder service providers have followed the
eastward movement to areas with new housing. Countering this change, New Port Richey was fortunate
to be selected by Pasco County as the location for several planning exercises during FY 2014, as it was
identified as a prime location for the millennial generation. Demographic predictors have identified new
trends in the younger generation that may bode well for the city as the population of empty nester Baby
Boomers integrates with an emerging millennial in walkable and active downtown. There are many areas
in the city that will qualify for Community Development Block Funds and other incentives and Pasco
County has targeted the Commercial Highway Corridor of US Highway 19 for economic investment. The
city is the host of a business incubator and was recently cited as eighth out of the top ten cities in the
region for successful start-up companies and small business development (City of New Port Richey,
2015).
Port Richey is located north of New Port Richey, a long-standing port for commercial fishermen
(City of Port Richey, 2013). The city has a total area of 5.5 km2 and a population of 2,671 residents
(Pasco County, 2016). The top three industries in Port Richey are construction, retail trade, and
administrative and waste management services. One of Port Richey’s main attractions is the Gulf View
Square mall. It opened up in 1980 and encompasses retail stores like Sears, Dillard’s, TJ Maxx, and Best
Buy.
The demographic population in Port Richey is predominantly white. The median household
income based on 2016 Census Bureau economic data is $36,715 compared to the national average of
$44,172. Port Richey’s income consists of 19.9% from investment and retirement income (Town Charts,
2017).
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Figure 3.1. Map of City Boundaries for
New Port Richey and Port Richey,
Pasco County, Florida
[Data Source: Pasco County GIS data]

Figure 3.2. Elevations of New Port Richey
And Port Richey, Pasco County, Florida

14

CHAPTER FOUR:
METHODOLOGY

There have been a number of studies measuring accelerated sea level rise scenarios at the
regional and state level (ex. Strauss et al., 2014; USACE, 2014; NOAA, 2012; Southeast Florida Climate
Change Regional Compact, 2012; Florida Oceans and Coastal Council, 2010; Titus and Richman, 2001),
but few focus on smaller areas in Florida (Bolter, 2014; Zhang et al., 2011). It is the aim of this research
to investigate the social and economic impacts of ASLR and storm surge at a county level, that being
Pasco County, Florida. The SLR projections used in this study are 0.5m, 1.0m, 1.5m, and 2.0m. These
four projections reflect the various ranges of projected sea-level increase for the year 2100. NOAA global
mean sea-level rise (GMSLR) projections are 0.2m – 2.0m for the year 2100 (NOAA, 2012). IPCC, Fifth
Assessment Report projections are 0.27m – 0.97m (0.9ft – 3.2ft) by 2100 and the U.S. Army Corps of
Engineers (USACE) projects 0.49m, 1m, and 1.49m (1.6ft, 3.3ft, 4.9ft) (Strauss et al., 2014).

4.1. Mapping ASLR and HSS
This study used static inundation mapping to model the spatial extent of coastal flooding in the
study area from ASLR and HSS. Static inundation mapping typically compares water and land elevations
and assumes that flooding occurs when water exceeds land elevations (Gallien, 2016). Light detection
and ranging (LIDAR) digital elevation model (DEM) data were used to show the physical environment,
and inundation from ASLR and HSS. DEMs widely used in the assessment of SLR vulnerability tend to
over predict coastal flooding in areas of low elevation (NOAA, 2015; Heberger et al., 2009), but this can
be beneficial when modeling ASLR and HSS that have a range of uncertainty. The justification for the
various SLR scenarios used in this research follows the IPCC projections that range from 0.09m to 2.0m.
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LiDAR is a type of remote surveying method that uses laser light to measure distances and create
digital elevation models (DEMs) of the Earth’s surface (NOAA, 2015). DEM derived from LIDAR provided a
highly accurate digital representation of the surface terrain of western Pasco County. These data were
imported into GIS to create layers depicting zones of seawater inundation. Quantifying seawater
inundation required the creation of inundation polygons for a specific sea level or storm surge height.
This process of calculating inundated land replicated the methods used in Zhang et al. (2011). The first
step used the raster calculator spatial analysis tool in GIS to calculate a new cell sea level values for
0.5m, 1.0m, 1.5m, and 2.0m illustrated in Equation 4.1:

Equation 4.1. Raster Calculator – Inundating Raster Cells (Zhang et al., 2011, pp. 6)
where g= new cell value; d= elevation value; h= ASLR/HSS elevation threshold
If the DEM value (d) of the physical landscape was greater than the projected SLR scenario (h),
then the new cell value was classified as ‘0’ or not inundated. For instance, if d= 3.65m (12ft) and
h=0.5m, then that cell was not inundated. Therefore, areas considered inundated are classified as ‘1’ and
areas not were given a ‘0.’ Similarly, the areas inundated by HSS were created using the same method
including topography as the measure of inundation. The property value loss due to inundation was
estimated by converting property parcels into centroids using the calculate geometry tool in GIS. Parcels
were assumed partially or completely inundated if the centroid point of the parcel was inside the
inundated cell. All the inundated parcels were selected for a given SLR or HSS scenario in the attribute
table and from that, a report with all the parcel information was generated.
The Saffir-Simpson hurricane scale developed by the National Hurricane Center was used to
generate storm surge heights (Pasco County Hazard Mitigation Committee, 2014): Category 1 – 1.21.5m; Category 2 – 1.8-2.4m; Category 3 – 2.7-3.7m; Category 4 – 4-5.5m; and Category 5 -
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>5.5m. It should be noted that it was beyond the scope of this research to model how surface roughness
added by the urban environment reducing the inland flooding generated by HSS (Brown et al., 2007).

4.2. Calculation of Economic Loss
Economic losses include property values, tax revenues, and expenditure on roads that are lost
due to ASLR and HSS. The extent of the economic impacts from SLR were calculated using high
resolution DEM data along with County parcel information that included each property’s just values
(market value), assessed values (market value after subtraction assessment differentials like conservation
lands), taxable values (amount after subtraction of homestead exemption, government land, and
assessed value), homestead exemption, total land area, and physical addresses (Xi, 2016). The parcel
data set was downloaded from the Pasco County GIS downloads page. Using the Southeast Florida
Climate Change Regional Compact (2012) SLR report as a reference, this study used the ‘just’ property
values (from the Florida Department of Revenue and Pasco County Property Appraiser) to estimate the
potential economic impacts on residential property to the various SLR scenarios.
The property taxes were calculated by applying the homestead exemption and assessed values
(for the county and school districts) to the formula given by Pasco County’s Office of Management and
Budget that provided fixed millage rates for all the taxing agencies in the county (Table 4.1). The County
does not have a formula for calculating business taxes, but the businesses are included in the parcel data
so their ‘just’ and ‘assessed’ values are calculated as part of economic loss.

Table 4.1. Pasco County Property Tax Calculation Example

TAX BILL FOR 2015

SCHOOL DISTRICTS

ASSESSED VALUE (AV) = $100,000

AV = $100,000

HOMESTEAD EXEMPTION (HE) = $50,000

HE = $25,000

TAXABLE VALUE (TV) = $50,000

TV = $75,000

(TV = AV - HE)

(TV = AV - HE)
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Table 4.1. (Continued)
TAXING AGENCIES

TAXABLE VALUE

MILLAGE RATE

TAX AMOUNT

COUNTY COMMISSION-

$50,000

X 7.6076

$380.38

$50,000

X 1.8036

$90.18

$75,000

X 5.6090

$420.68

$75,000

X 1.5000

$112.50

$50,000

X 0.2336

$11.68

$50,000

X 0.3488

$17.44

17.1026

$1,032.86

OPERATING
COUNTY MUN SERVICE
FIRE DIST
COUNTY SCHOOL
OPERATING ST LW
COUNTY SCHOOL
CAPITAL OUTLAY
PASCO COUNTY
MOSQUITO CONTROL
SW FLA WATER
MANAGEMENT DISTRICT
TOTAL MILLAGE/TAX
Source: Pasco County

The Florida Department of Transportation (FDOT) provides databases for statewide road, bridge,
and rail systems. They also provide a monetary estimate for constructing highways and two-lane roads. If
there are any critical facilities (i.e. hospital) within the inundated area, the construction costs of those
facilities were added to the total economic loss.

4.3. Critical Facilities and Infrastructure
The economic analysis will require mapping the vulnerability of the built environment that were
based on Built Environment Vulnerability Index (BEVI) adapted from the Emrich (2005) vulnerability
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equation. The variables include county parcel data, transportation routes, and important facilities such as
hospitals, schools, or fire stations. Schools are often used as public shelters in the event of an
emergency. The designated evacuation shelters in the study area are: Calusa Elementary, Longleaf
Elementary, and River Ridge High schools (New Port Richey 2020 Comprehensive Plan). The GIS data for
critical facilities were obtained from the Florida Geographic Database Library (FGDL). These data show
the spatial extent of the urban area that will be flooded by these three new coastlines.
In addition, this study considers roads as essential infrastructure for evacuation routes and
access to all vulnerable communities. Critical infrastructure considered in this study is the transportation
routes. Of particular importance are the designated evacuation routes for the county that include: US-19,
County Road 587, SR 54, SR 52, Suncoast Parkway, Rowan Road, and Massachusetts Ave (New Port
Richey 2020 Comprehensive Plan).
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CHAPTER FIVE:
RESULTS

5.1. Economic Impacts of ASLR and HSS
The overall assessment from the spatial analysis of the various scenarios after the 0.5m rise in
sea level that there will be significant impacts to Port Richey and New Port Richey. At 0.5m the
inundation only impacts areas along the coast of Port Richey and the Cotee River in southeast New Port
Richey (Fig. 5.1a). This latter portion comprises an area of the river’s floodplain, which is naturally prone
to flooding. The extent of coastal flooding generated by 0.5m amounts to 48.8% land loss or inundation
of 1,058 individual land parcels (Table 5.1). Based on the property values acquired from Pasco County’s
property appraiser, the inundation results in $217,108,692 of property loss. The economic loss to the
county is $3,726,685 from property taxes and $3,873,791 in road expenditure cost with non-consecutive
inundation in 1,298m of roads.
The 1.0m SLR causes the area of inundation to increase from 8.49 km2 to 10.13 km2 (Fig. 5.1b),
‘Just Value’ losses increase by about 36%, and the reduction in county property tax revenues increases to
$4,018,053 (Table 5.1). The inundated areas in northwest Port Richey are Salt Springs State Park, Gulf
View Square Mall, and several private real estate properties. The Gulf View Square Mall contains many
major retailers such as Macy’s, Dillard’s, Sears and Best Buy (Property Pro, 2012) that generate millions
of dollars in revenue. The Simon Property Group, the world’s largest mall owner, priced the Gulf View
Square mall at $74 million (Albright, 2011). In New Port Richey, areas flooded are parcels directly adjunct
to the Cotee River or on its floodplain. Additionally, six miles of roads are inundated (built cost of
$29,369,169) and 1,782 properties are either partially or completely flooded.
With 1.5m SLR, the area of inundation for the two cities lost increases to 67.5% land inundation
or 11.75 km2 (Fig. 5.1c). Economic loss of the parcels increases by about 41%, totaling 2,888 properties

(Table 5.1). The inundated areas at the mouth of the Cotee River include the Robert J. Strickland
Memorial Park, riverfront restaurants like Crab Shack and Catches Waterfront Grille, and other private
businesses including several motels and boat storage facilities. Road losses amount to ~$101 million with
over 33,000m inundated roads, and the County loses $5.7 million in property taxes.
The total land area for Port Richey and New Port Richey impacted in the 2m SLR scenario is
approximately 78% of their total municipal areas (Fig. 5.1d). All the houses and businesses west of the
major thoroughfare, Highway US-19, are completely inundated or surrounded by seawater. Total
economic loss increased by 60% from the 0.5m SLR scenario. County property tax losses amount to
~$7.1 million and >33 miles of roads are inundated (loss of ~$158 million). With a length of 285m of US19 completely flooded, normal vehicular access through and between these cities is significantly limited.
A summary of losses is illustrated in Figures 5.2 that shows linear incremental losses and Figure 5.3 that
shows the progressive stages of inundation for the two cities.

Table 5.1. Economic Loss Based on SLR Scenarios
Land
SLR

Just

Assessed

County

Land

Scenario

Value

Value

Tax Loss

(km²)

Road
Road

Loss

Length
Expenditure

(%)

(m)

0.5m

$217,108,692

$198,854,946

$2,937,504

8.49

48.8%

$3,873,791

1,298

1.0m

$294,614,537

$270,885,139

$4,018,053

10.13

58.2%

$29,369,169

9,846

1.5m

$417,268,985

$387,556,667

$5,700,578

11.75

67.5%

$101,063,363

33,881

2.0m

$537,133,067

$503,074,517

$7,077,056

13.66

78.5%

$158,959,178

53,291

*Total land in study area is 17.4 km2
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a

b

c

d

Figure 5.1a-d. 0.5m-2m SLR Scenarios in Port Richey and New Port Richey
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Figure 5.2. Property Loss to SLR Line Graph

Figure 5.3. 0.5m-2m SLR Scenarios
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5.2. Impacts of ASLR and HSS
In the case of Port Richey and New Port Richey, a Category 1 storm surge produced short term
flooding greater than that of the 2m SLR scenario. The severity and extent of inundation of the Category
1 storm surge was exacerbated by a 0.5m SLR (Fig. 5.4a). The most extreme scenario of a 2m increase
in sea level combined with a Category 5 hurricane’s storm surge (5.5m) resulted in 34.32 km2 being
inundated including the entire area of both cities (Fig. 5.4b). The compounded economic impacts of SLR
and storm surge are illustrated in Table 5.2. The numbers presented in the table represent estimations
based on property values alone and do not include transportation expenditures or business revenue loss.

Table 5.2. Economic Impacts of HSS and ASLR in Port Richey and New Port Richey
SLR + HSS

JUST VALUE

ASSESSED VALUE

COUNTY TAX LOSS

0.5m + Category 1

$989,763,250

$928,095,364

$12,300,613

0.5m + Category 2

$1,092,174,958

$1,025,372,394

$13,541,606

0.5m + Category 3

$1,174,782,368

$1,101,679,938

$14,539,628

0.5m + Category 4

$1,248,404,385

$1,168,916,111

$15,294,430

0.5m + Category 5

$1,275,824,185

$1,192,841,890

$15,596,315

1m + Category 1

$1,067,269,095

$1,000,125,557

$13,381,162

1m + Category 2

$1,169,680,803

$1,097,402,587

$14,622,155

1m + Category 3

$1,252,288,213

$1,173,710,131

$15,620,177

1m + Category 4

$1,325,910,230

$1,240,946,304

$16,374,979

1m + Category 5

$1,353,330,030

$1,264,872,083

$16,676,864

1.5m + Category 1

$1,189,923,543

$1,116,797,085

$15,063,687
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Table 5.2 (Continued)
SLR + HSS

JUST VALUE

ASSESSED VALUE

COUNTY TAX LOSS

1.5m + Category 3

$1,374,942,661

$1,290,381,659

$17,302,702

1.5m + Category 4

$1,448,564,678

$1,357,617,832

$18,057,504

1.5m + Category 5

$1,475,984,478

$1,381,543,611

$18,359,389

2m + Category 1

$1,309,787,625

$1,232,314,935

$16,440,165

2m + Category 2

$1,412,199,333

$1,329,591,965

$17,681,158

2m + Category 3

$1,494,806,743

$1,405,899,509

$18,679,180

2m + Category 4

$1,568,428,760

$1,473,135,682

$19,433,982

2m + Category 5

$1,595,848,560

$1,497,061,461

$19,735,868
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b

Figure 5.4a-b. Impact of Extreme Scenarios of HSS and SLR
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5.3. Impacts of ASLR and HSS on Critical Facilities and Infrastructure
The critical facilities are located east of US-19, further inland than many of the residential units
along the coast. At 0.5m (Fig. 5.5a) and 1.0m (Fig. 5.5b), inundation does not affect any of the critical
facilities. The facilities that are located near the Cotee river such as, the fire station in Port Richey, the
middle school and fire station in south New Port Richey, are at higher risk of inundation than the facilities
located in the center of the cities.
Inundation of US-19 is evident at 1.5m (Fig. 5.5c), suggesting potential travel restrictions for
emergency vehicles and first responders. With much of this main aerial route inundated, access to many
areas west of the highway would be blocked. Additionally, the emergency center south of the Cotee River
is very close to the inundated area at 1.5m so residents may have to be relocated elsewhere in the
advent of an extreme storm event.
Only at a SLR of 2m (Fig. 5.5d) does the Port Richey fire department become completely
inundated. Most of US-19 was completely flooded from Port Richey down to New Port Richey. The police
station in north Port Richey is the only facility not surrounded by SLR inundation.
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Figure 5.5a-d. Impacts of 0.5m-2m SLR on Critical Facilities and Infrastructure
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This study used the two extremes (0.5m SLR and Category 1 HSS; 2.0m SLR and Category 5
HSS) to illustrate the potential worst-case scenario for SLR and HSS. Figure 5.6 reveals storm surge
impacting Port Richey’s fire station and charter school, New Port Richey’s hospital, police station,
education center, and fire station, and all of US-19. The only facilities that would be accessible and
functional are the police station in north Port Richey and the fire station and high school in New Port
Richey.
If sea levels were to rise 2.0m and a Category 5 hurricane made landfall, all of the critical
facilities in both Port Richey and New Port Richey would be completely inundated, with the exception of a
high school in south New Port Richey (Fig. 5.7). It is important to note that the inundation resulting from
HSS may not be as long term as that from SLR.

Figure 5.6. 0.5m SLR + Cat 1 Storm Surge

Figure 5.7. 2m SLR + Cat 5 Storm Surge
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CHAPTER SIX:
DISCUSSION

The information created by this study is useful for city or county level strategic plans considering
future changes in sea level or instituting immediate actions to preserve property and plan evacuation
routes. Both city flood preparedness plans outlined on their websites only contain information on the
National Flood Insurance Program (NFIP) and how to prepare for surface water inundation (riverine
flooding). Short-term flood remedies such as sand bags and other structural fixes are not effective for
any long term inundation arising from ASLR or the extreme physical stress produced by storm surges.
However, storm surge damages not associated with ASLR may prove to be more severe but not
necessarily permanent. This potential lack of permanence is due to an ingrained desire to rebuild after
disaster because of a population’s close ties to their communities (Yasaditama and Sagala, 2012). The
focus of this study is on the long-term risks and potential permanent economic and social impacts of
ASLR.
According to NOAA, HSS have the capacity to devastate entire coastal communities. For example,
the landfall of Hurricane Katrina and its consequent storm surge and winds caused many of the 1,500
deaths and $100 billion in damages (NOAA, n.d.). Pasco County has experienced 11 hurricanes and
tropical storms over the past 16 years (Pasco County, 2014). The county is amongst the most vulnerable
in Florida to HSS due to its geographic location along the Gulf of Mexico and the gradual bathymetry of
the Gulf (Pasco County Hazard Mitigation Committee, 2014).

6.1. Insufficient Plans for Future Impacts of ASLR and Storm Surge
Port Richey and New Port Richey did not have sufficient information regarding SLR or storm
surge in their city plans, so the county plans that included Local Mitigation Strategy (LMS),
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Comprehensive Emergency Management Plan (CEMP), and Post Disaster Recovery Plan (PDRP), were
reviewed. While both cities are aware of the potential damages from HSS, there is very little information
on mitigation plans or strategies. This may be due to several factors; 1) their main concern is intermittent
flooding; and 2) their small population sizes and thus limited revenues results in an unwillingness to
recognize the impact ASLR will have on cities’ ability to provide services and an inability to install such
mitigation options.
Instead, the cities’ emergency management and land use planning flood mitigation plans focus
on high intensity rainfall events that generate short term property damage (Pasco County, 2014). The
projects listed in Port Richey’s 2016 Local Mitigation Strategy Plan, include the stormwater master plan,
street improvements and vegetation removal, all priorities in terms of hazard mitigation and adaptation.
New Port Richey’s 2020 Comprehensive Plan for Coastal Management emphasizes coastal issues
regarding land use conflicts and increasing demand for water-related uses of the Cotee River instead of
on vulnerability to SLR (Coastal Management Element, 2008).
At the county level, Pasco has incorporated SLR in the post-disaster recovery plan (2016),
however no plans for accelerations in SLR have been considered. Acknowledgement of potential SLR
impacts in Pasco County started only a couple years ago after the Florida Senate Bill 1094: Peril of Flood
(2015) mandated local comprehensive plans to address SLR. Pasco County has adopted programs such
as the Harbors West Market Redevelopment Plan and Local Mitigation Strategy to implement strategies to
address risks related to storm surge, stormwater runoff, flash floods, and SLR (Pasco County, 2014).
Some of the strategies to address SLR mentioned in the post-disaster recovery plan include generating
local awareness about SLR, relocating existing structures to safer areas, and avoiding any new
infrastructure development in high-risk areas to SLR (Pasco County Board of County Commissioners,
2016).
Most studies on SLR in Florida are predominantly focused on the highly populated areas of
southern Florida such as Miami-Dade (Florida Oceans and Coastal Council, 2010; Saha et al., 2011; NOAA
TR CPO-1, 2012; Bolter, 2014; Tompkins and Deconcini, 2014). This heightened awareness of SLR have
been instigated by organizations such as the Southeast Florida Regional Compact on Climate Change.

31

Cities like Miami that have a higher population thus the economic revenue to implement mitigation plans.
Smaller coastal cities such as Port Richey and New Port Richey may lack awareness and funding support,
which is most likely contributing factors for the poor SLR management plans. These cities may also be
unaware of the impact that SLR will have on their ability to provide services for their population.

6.2. Impacts of SLR on Transportation
The impacts of SLR on transportation are significant partially due to the low relief of the study
area. Many streets along the coastline and floodplain are either partially or completely inundated by 1m2m SLR. As mentioned above, a long stretch of US-19 is permanently flooded at 2.0m SLR. The route is
the most heavily populated transportation route along Florida’s Gulf Coast connecting St. Petersburg to
Tallahassee. Inundation of US-19 limits local and north-south traffic. The cost of moving US-19 eastward
from the inundation zone will be substantial. Using FDOT generic cost-per-mile ($4.8 million) road
construction estimate (Table 3), the minimum cost to relocate US-19 further inland (total length in the
study area is 19.7 miles) with a 2 lane Undivided Urban Arterial with 4’ Bike Lanes (FDOT, 2016) would
cost the County approximately $94 million. To replace US-19 in its current configuration would increase
the cost to $567.4 million using the average FDOT cost of $28.8 million for adding two extra lanes to an
existing two lane major roadway (Transportation Element, 2006). To put this cost into perspective, the
entire FY 2016 Budget for the City of New Port Richey was $45.5 million (City of New Port Richey, 2014).

6.3. Community and Government Responsibility to Mitigating Potential Damages
The responsibility of relocating families may depend on the severity of the environmental
hazards. For example, with a Category 5 hurricane, the responsibility of relocating residents tends to fall
under the Federal government or other organizations such as the Red Cross during a state of emergency.
The Red Cross provides short-term disaster relief (immediate direct client assistance) that amounts to
$125 per person for clients’ whose homes destroyed or are uninhabitable (Red Cross Disaster Cycle
Services, Paper Pamphlet).
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Pasco County’s neighboring counties of Pinellas and Hillsborough have been proactive in
addressing the issues of SLR. The Tampa Bay Regional Planning Council (TBRPC) spearheads discussions
and working groups that implement strategies to reduce the impact of SLR. The ONE BAY Resilient
Communities is TBRPC’s working group that meets with various organizations such as Tampa Estuary
Program, Southwest Florida Water Management District, Urban Land Institute of Tampa Bay, Florida Sea
Grant, University of South Florida, University of Florida Water Institute, and Floodplain Management
Planning, to discuss SLR projection methodologies, communicating risks, and local mitigation and
adaptation strategies. Links to their studies can be found on their webpage:
http://www.tbrpc.org/onebay/working_group.shtml.
When considering the cost of mitigation, it should be noted that these immediate economic
outlays may be lower than the eventual cost of repairs and redevelopment. Hinkel et al. (2013)
conducted a global study on the effects of mitigation and adaptation on coastal flooding. The study
suggests that if adaptive measures are not taken by 2100, the global damage cost from coastal flooding
alone is estimated to be $164-300 billion per year, whereas mitigation and adaptation can reduce
economic impact to $27-93 billion per year. Some mitigation practices used in Singapore for reducing
impacts of SLR include dredging, building of sea walls below and above sea levels or establishing offshore
barrier islands (Wong, 2015). The Netherlands uses beach nourishment to combat the loss of protective
coastal recession (Stive et al., 2013). All these methods are examples of mitigation efforts Port Richey
and New Port Richey could adopt to reduce the negative impacts of SLR.

Section 6.4. Limitations of Analysis
There are several limitations of the analysis undertaken in this study. The first is that only coastal
inundation associated with SLR and HSS is included. One important additional component of flooding not
considered is the overwhelming of storm drainage systems caused by excessive rainfall from extreme
storms. In low relief areas such as the study area, the backup of storm/sewage systems has caused
major short-term flooding. New Port Richey’s public infrastructure only has one stormwater drainage
facility called the ‘Orange Lake outfall Pipe’ (Coastal Management Element, 2008). The reason for this
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omission is the difficulty of accounting for the range of variability of rainfall amounts and duration as well
as the impact of impervious surfaces which promote surface flooding.
Methodological limitations involve data availability in other natural factors influencing SLR and
storm surge. Such factors include historic rainfall observations, bathymetry data, riverine tide gauge data,
and runoff rates. The U.S. Geological Survey (USGS) has produced flood inundation map libraries that
show the spatial extent and depth of flooding at specific water-level intervals along an individual stream
section through the use of hydraulic and topographic modelling, but none were completed for Florida
(USGS, 2016). Web-based SLR mapping tools such as NOAA’s SLR Map Viewer
(https://coast.noaa.gov/slr/) and the University of Florida’s GeoPlan Center SLR Scenario
(https://sls.geoplan.ufl.edu/) provide a breadth of information related to vulnerability of SLR and
socioeconomic information. However, they are limited to the Census block group level and do not provide
high-resolution residential property or transportation costs.
Additionally, it is beyond the scope of this study to examine all major societal impacts caused by
SLR and hurricanes besides those on critical infrastructure and certain vulnerable population groups.
Some of these social parameters include employment status and levels of poverty or education.
Measuring the exact impact of SLR on each resident’s job status, health or ability to relocate would
require a more extensive qualitative study with interviews and surveys.
Another limitation of the study is that property values vary drastically from year to year in
Florida. For example, due to the drastic losses in total taxable real property values in the city which fell
from a high of nearly $920 million in 2008 to below $485 million in FY 2014 (City of New Port Richey,
2014). Consequently, property loss values are calculated using the current market prices which are
obviously temporally specific.
There are difficulties approximating the economic losses that these cities would incur at the
various SLR and/or HSS scenarios. For example, costs associated with road construction expenditure
(FDOT cost/mile price) for a 2-lane road in an urban area are quantifiable. However, the total economic
losses caused by the absence of through traffic along US-19 due to the inundated roads are almost
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impossible to measure. Trying to estimate the cost of relocation of major roads also includes the costs by
land acquisitions, environmental assessment, etc.
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CHAPTER SEVEN:
CONCLUSION

The main goal of this research was to determine both the economic and social impacts of ASLR
and hurricane induced storm surge in Port Richey and New Port Richey. Both cities are examples of highly
vulnerable coastal communities. Due to their proximity to large cities like Tampa and St. Petersburg, Port
Richey and New Port Richey may have substantial impacts on their neighboring cities in the event of
elevated storm surge levels or ASLR. A potential impact on cities near the study area is the influx of
displaced persons, which can create more pressure on those cities to meet the increased needs. Based on
the analysis conducted in this study, Port Richey and New Port Richey will experience significant
economic loss from county property tax alone (almost 27% of New Port Richey’s FY 2016 City budget of
$45.5 million) with 0.5m SLR on top of a Category 1 hurricane. Additional economic loss from residential
property and transportation cost, as well as social consequences is highly possible if mitigation plans for
ASLR and storm surge are not implemented.
The economic loss was assessed using the built environment and property values to show the
tangible losses. Throughout the various coastal flooding from SLR and storm surge scenarios there was
an increase in economic loss from assessing only the property just-values. Other losses such as items
within homes and vehicles were not included in this study. Monetary losses from inundated properties
shifted dramatically from 1.0m to 1.5m SLR, from $295 million to $417 million, suggesting that the
tipping point could only be a half-meter SLR. Costs associated with road construction expenditure (FDOT
cost/mile price) for a 2-lane road in an urban area provide a snapshot of the potential construction costs
for major highways. This does not consider the time or impacts on traffic patterns that could have unseen
economic losses.

The social vulnerability indicators showed the most vulnerable areas were mainly those located
near the floodplains and near the coast (west of US-19). The disabled population was particularly
impacted because of the high concentration living in or near high-risk flood prone areas. Costs for their
extra assistance and transportation are not accounted for in this research. The task of assessing the
economic and societal costs caused by ASLR and HSS will be never ending due to the changing
populations, continued coastal development and renewing predictions of future climate change.
There is still time for the coastal cities of Port Richey and New Port Richey to prepare for and
reduce the impacts from ASLR and hurricane induced storm surge. Preparation begins at the local level
with the community, which requires knowing where the vulnerabilities are in terms of population and
critical infrastructure. Local planners must work with the county to create and implement effective
mitigation strategies for higher sea levels and more frequent coastal flooding. Such mitigation strategies
would include beach nourishment to reduce coastal erosion or building sea walls and barrier islands. Of
course, the major costs associated with such measures are well beyond the financial resources of these
municipalities, therefore, county, state and federal assistance is essential.
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